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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 General Introduction 
 
 
Traditionally, automotive suspension designs have been a compromise 
between three conflicting criteria of road holding, load carrying and passenger 
comfort. The suspension system must support the vehicle, provide directional 
control during handling manouevres and provide effective isolation of passenger 
payload from road disturbances [1]. Good ride comfort requires a soft suspension 
wheras insentivity to applied load requires stiff suspension. Good handling requires 
a suspension setting somewhere between the two. 
  
Due to these conflicting demands, suspension design has had to be 
something of a compromise, largely determined by the type of use for which the 
vehicle was designed. Active suspensions are considered to be a way of increasing 
the freedom one has to specify independently the characteristics of load carrying, 
handling and ride quality. 
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A passive suspension system has the ability to storage energy via a spring 
and to dissipate it via a damper. Its parameters are generally fixed, being chosen to 
achive a certain level of compromise between road holding, load carrying and 
comfort. 
  
An active suspension system has the ability to store, dissipate and to 
introduce energy to the system. It may vary its parameters depending upon operating 
conditions and can have knowledge other than the strut deflection the passive system 
is limited to. 
 
 
 
1.2 Objective  
 
 
 The main objective of this project is to study the performance of an active 
suspension system using active force control (AFC) through simulation and 
experimental works. 
 
 
  
 
1.3 Scope of work 
 
 
The scope of this study consists of two major parts. The first is simulation 
works and the second is experimental works. For the simulation works, the scope 
involve is as follows: 
 
i) To use an existing mathematical model of an active suspension. 
ii) Apply active force control (AFC) with crude approximation (CA) and 
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iterative learning method (ILM) to active suspension system. 
iii) Simulate active suspension system with active force control with 
crude approximation (AFC-CA) and active force control with 
iterative learning method (AFC-ILM) strategy incorporated with 
different road profile. 
iv) Study the performance of active suspension using AFC-CA and AFC-
ILM strategy compare to PID control. 
 
 
 The scopes involved in an experimental works is as follows: 
 
i) Prepare experimental set-up. 
ii) Develop Simulink model in Real-Time Workshop (RTW).  
iii) Run experiment. 
iv) Study the performance of active suspension system using AFC-ILM 
strategy compare to PID control with the different disturbance.  
v) Compare simulation results with the experimental results. 
 
 
In experimental works, AFC strategy is used with iterative learning method 
(ILM) is applied to approximate the estimated mass. The study in experimental 
work will compare the result between PID and AFC-ILM only with different type 
of disturbance. A quarter car model is considered in both simulation and 
experimental study.   
 
 
 
 
1.4 Project Implementation 
 
 
 The research is started with deriving the mathematical model of the main 
dynamic system for the vehicle suspension system using Newton’s Second Law. 
First, dynamic equation for passive suspension system is derived followed by active 
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suspension system. The model used is a two degree of freedom (DOF) system 
representing a class of passenger car. Disturbances also were modeled 
mathematically. Then, control scheme was developed and modelled. The schemes 
include PID and AFC strategy employing both crude estimation and iterative 
learning method. 
 
 
 Based on the derived models, a simulation study using MATLAB and 
Simulink was carried out. Started with the passive suspension system with open loop 
system followed by closed loop system of active suspension system. The results of 
the simulations were then compared for both passive and active suspension. The 
simulation results of active suspension system using AFC strategy and PID 
controller also were compared.   
 
  
 Experimental set-up for the proposed system then was prepared. The work 
involve during the set-up preparation is to develop experimental modules in the 
MATLAB which known as Simulink model with Real-Time Workshop (RTW). 
Then the experiment was carry out and the results obtained are analysed. Then 
experimental results was  compared to simulation results in order to validate the 
results obtained for both method. This project implementation can be illustrated in a 
form of a flow chart as shown in Figure 1.1. Gantt Chart of the project schedule is 
shown in Figure 1.2.  
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Figure 1.1: Flow chart of the project implementation 
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Figure 1.2: Gantt chart of the project schedule 
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1.5 Organisation of Thesis 
 
 
 This thesis is organised into seven chapters. General introduction to the 
suspension system, the objective and the scope of the project and how the project is 
implemented is presented in Chapter 1. Chapter 2 discussed about theoretical information 
and literature review related to the project backgraound. This includes the definition of 
the suspension systems and its function. Explanation of types of suspension system and 
the concept of proportional-integral-derivative (PID) controller, active force control 
(AFC) and iterative learning method (ILM) also done in this chapter. A number of related 
research is reviewed adequately in this chapter.  
 
 
 Mathematical modelling based on quarter car model is presented in Chapter 3. 
Disturbances model and proposed simulation models also discussed in detail. Parameters 
used for simulation is highlighted in this chapter. Chapter 4 presents the simulation 
results for the different types of suspension system with various control strategies.  
 
 
 In chapter 5, experimental set-up for this project is explained in detail. This 
includes the development of the Simulink model with Real-Time Workshop (RTW) 
complete with all related subsystems in the model. Hardware components that used in the 
set-up also described. Then, parameters for experiment is presented. 
 
 
 Chapter 6 presents experimental results. System response with various conditions 
are presented and disscussed adequately. Chapter 7 gives the overall conclusion on the 
study that has been done and recommend of future works could be considered as 
extension to this study.  
